quadripinnata, that grows in ravines, doing best on moist, well-drained soil and in full 82 sun until 2000 m in eastern Brazil (Lehnert & Kessler, 2018) . The later family (about 14  83 species) exhibits a preference for warm, humid and low seasonal climates (Bystriakova,  84 Schneider, & Coomes, 2011) and may benefit from warmer climate regimes. 85 The Intergovernmental Panel on Climate Change (IPCC) predicts shifts in 86 rainfall and temperature in the subtropical Atlantic Forest, and since water availability is 87 correlated to fern species richness (Kessler, Kluge, Hemp, & Ohlemüller, 2011) , rainfall 88 regimes modifications could impact in ferns distribution. Therefore, a reduction of cold 89 environments and increasing of warm and humid environments may impact D. 90 sellowiana, an already endangered species, through the restriction of its occurrence area. 91
In this regard, our study sought to predict the impacts of future climate changes 92 in α -and β -diversity of tree ferns in the subtropical Atlantic Forest, as well as to predict 93 the impact in the potential distribution of each species. Our first hypothesis (H 1 ) is that 94 species from both families will change their potential distribution areas. We expect 95 Dicksoniaceae species will have their potential distribution area reduced (specially 96
Dicksonia sellowiana) because of their association with cold habitats -and 97
Cyatheaceae species will increase their potential distribution areas since they generally 98 occur along hot and humid regions. Our second hypothesis (H 2 ) is that the changes in 99 species distribution will affect α -and β -diversity. Since we expect the Cyatheaceae 100 species will increase their distribution range, hence increasing the overlap in species 101 areas, we expect an increase in α -diversity and a decrease in β -diversity, i.e., less 102 variation in species composition among sites, leading to a homogenization of our study 103 region. 104 105 106
2. MATERIAL AND METHODS 107 108
2
.1 Study area 109
The study area is delimited by the subtropical Atlantic Forest, floristically distinct from 110 the tropical Atlantic Forest (Eisenlohr & Oliveira-Filho, 2014 All models had a good predictive power (AUC: mean = 0.825, sd = 0.05; TSS: 223 mean = 0.623, sd = 0.14 -for individual distribution maps and statistical performance 224 of each SDM see the supporting information S1, and the interactive maps in 225 https://avrodrigues.shinyapps.io/tferns/). Overall, the predicted impacts of climate 226 change on species were similar in both RCP 2.6 and RCP 8.5 (Table 1), where  227 Dicksoniaceae species tend to lose area of distribution and half of Cyatheaceae species 228 tend to increase its area of occurrence -while the other half tends to decrease. Also, 229
currently suitable areas inside PAs also suffer a significant reduction for many tree 230 ferns. 231 232
3.1 α -diversity 233 234
The highest α -diversity values (current and future scenarios, Figure 2 ) were 235 found in the Rainforest areas. In the west, where α -diversity is low in the current 236 scenario, many sites tend to become unsuitable for all the species in the future. 237
Furthermore, PAs harbor a higher average of α -diversity when compared to the 238 subtropical Atlantic Forest. At the same time, PAs will lose fewer species than non-PAs 239
and gain more species than non-PAs regions ( The BD TOTAL is predicted to decrease with climate change (Table 3) , indicating 244 community homogenization along the study area. The LCBD values (Figure 3 ) ranged 245 from 3.2 x 10 -4 to 5.5 x 10 -4 in the current scenario, 2.7 x 10 -4 to 5.8 x 10 -4 in the RCP 246 2.6 scenario and 2.5 x 10 -4 to 6.0 x 10 -4 in the RCP 8.5 scenario, indicating an increase 247 in LCBD at some locations in the future and a decrease in others. Considering only PAs, 248 community homogenization is like the rest of the study area ( predominates. In the same way, L. quadripinnata seems able to inhabit the colder 284 regions of the Mixed Forest. In addition, the warmer areas of the Rainforest also 285 showed high climatic suitability for this species. In fact, L. quadripinnata has been 286 recorded in both temperate (Ricci, 1996) and tropical (Bernabe et al., 1999) Rainforests. 287
In this sense, precipitation rather than temperature appears to be the main determinant of 288 L. quadripinnata occurrence. 289 290
Changes in diversity patterns 291 292
The second hypothesis was that the different responses of Dicksoniaceae and 293 Cyatheaceae species should cause significant changes in diversity patterns. Our 294 expectation was that species richness (α-diversity) would increase, following the 295 increase in overlapping distributions of Cyateaceae species, which in turn would lead to 296 a decrease of β -diversity. Our expectation about α -diversity was not confirmed since we 297
found evidence for less species richness per cell in the future scenarios. Nevertheless, 298
we found evidence for future homogenization of cells in the subtropical Atlantic Forest, 299 since both BD TOTAL and LCBD values tend to decrease in future scenarios. 300
Our estimates indicate that at least 40% of the sites (cells) will lose richness in 301 the subtropical Atlantic Forest. This is due to a reduction in the area of distributions for 302
Cyatheaceae species, against our expectations. This loss can affect the conservation of 303 other biological groups that depend on tree ferns caudices, such as epiphytes -some of 304 these growths exclusively in tree ferns (Mehltreter, 2008 In the study region, the BD TOTAL is more influenced by RichDiff J among the 313 sites than by Repl J (Figure 3 and Table 3 ). Together, these results indicate that local 314 extinctions are important drivers of homogenization in species composition of tree 315 ferns. The high influence of RichDiff J in β -diversity could be explained by the 316 environmental filtering process (Atmar & Patterson, 1993). This process is evidenced 317 by the loss of species in the west region, with high precipitation seasonality, and by the 318 loss of more suitable areas by species from a colder climate. Working with ferns 319 communities in the northern Atlantic Forest, da Costa, Arnan, de Paiva Farias, & Barros 320 (2019) found a higher contribution of species replacement than of species differences in 321 ferns on a regional and local scale in tropical Atlantic Forest. The authors listed high 322 dispersal ability, niche preferences, and the heterogeneous structure of the Atlantic 323 forest as the three main factors that contribute to species replacement. Two differences 324 between the studies could explain the different results: i) our study used local 325 assemblage in coarse scale, provided by the stack of SDMs, which is not able to capture 326 differences in microhabitats as in da Costa et al. (2019) , and ii) we focused on the tree 327 ferns niches rather than all ferns species in the subtropical Atlantic Forest. 328 329 4.3 Implications for biodiversity conservation agenda 330 331
Our results provide relevant insights to the conservation of tree ferns by predicting 332 which species will lose larger proportions of adequate habitat in the future (Table 1) . 333 We note that this phenomenon will mainly affect species that occupy higher areas such 334
as Cyathea feeana occurs from 500 to 1750 m and was recently segregated from C. 344
corcovadensis (Lehnert & Weigand, 2013) , which may bias our results since not all 345 herbaria (despite our best efforts) review these records. Sphaeropteris gardneri occurs 346 between 450-600 m and few individuals were found by the IFFSC project (Gasper et  347 al., 2018). 348
More than half of the studied species are predicted to lose suitable areas, even 349
inside PAs (Table 2) 2.6, and RCP 8.5) for the whole study area and PAs only. "Gain", "equal" and "loss" 636
indicates the proportion of cells that will respectively gain, keep the same number, or 637 lose species in each future scenario. 638
Protected Areas 
